There is now considerable evidence that the increase in contractility that occurs in heart muscle in response to catecholamines is mediated through changes in cyclic AMP (Sobel & Mayer, 1973). It has been proposed that the increase in cyclic AMP stimulates phosphorylation of a protein associated with the sarcoplasmic reticulum, causing an increase in Ca2+ uptake and a subsequent redistribution of Ca2+ in the heart (Katz et al., 1975). Incubation of isolated sarcoplasmic-reticulum vesicles with cyclic AMP-dependent protein kinase caused an increase in Ca'+ uptake (oxalate-dependent and -independent), providing evidence for this hypothesis (Tada et al., 1974). This was associated with phosphorylation of a protein of mol.wt. 23000. It was reported (Gibson & Newcomb, 1975) that sarcoplasmic-reticulum vesicles from rat heart were not phosphorylated by added protein kinase, unlike those from the hearts of dog, rabbit and guinea pig. In the present communication we show that with purified vesicles from rat heart, added protein kinase caused an increase in oxalate-dependent Ca2+ uptake, and that this was associated with phosphorylation of two proteins of mol.wts. 23000 and 17000.
There is now considerable evidence that the increase in contractility that occurs in heart muscle in response to catecholamines is mediated through changes in cyclic AMP (Sobel & Mayer, 1973) . It has been proposed that the increase in cyclic AMP stimulates phosphorylation of a protein associated with the sarcoplasmic reticulum, causing an increase in Ca2+ uptake and a subsequent redistribution of Ca2+ in the heart (Katz et al., 1975) . Incubation of isolated sarcoplasmic-reticulum vesicles with cyclic AMP-dependent protein kinase caused an increase in Ca'+ uptake (oxalate-dependent and -independent), providing evidence for this hypothesis (Tada et al., 1974) . This was associated with phosphorylation of a protein of mol.wt. 23000. It was reported (Gibson & Newcomb, 1975 ) that sarcoplasmic-reticulum vesicles from rat heart were not phosphorylated by added protein kinase, unlike those from the hearts of dog, rabbit and guinea pig. In the present communication we show that with purified vesicles from rat heart, added protein kinase caused an increase in oxalate-dependent Ca2+ uptake, and that this was associated with phosphorylation of two proteins of mol.wts. 23000 and 17000.
Sarcoplasmic-reticulum vesicles were prepared essentially as described by Levitskii et al. (1976) . Fresh rat hearts (approx. 3g) were homogenized (Polytron PTlO homogenizer) in 15 ml of 0.29~-sucrose/5 m~-NaN,/30m~-Tris/HCl/l5 mhl-2-rnercaptoethanol/O.Srn~-EDTA, pH8.0, at 4"C, and centrifuged at IOOOOg for 20min. The supernatant was centrifuged at 28000g for 90min and the resultant pellet resuspended in 2ml of I.l7~-sucrose, IOmM-Tris/HCI, pH7.2, at 4°C (buffer A) and diluted with 2ml of 1 .~M -K C~/~~M -E G T A /~~M -A T P /~~~M -M~C~~/~O~M -pH 7.8, at 4°C. This was incubated at 4°C for 40min to solubilize myofibrillar proteins, and centrifuged at 8OOOOg for 90min. The pellet was resuspended in 2ml of buffer A. With dog and other species this method produces a relatively clean sarcoplasmic-reticulum preparation. However, with rat heart there was contamination with Ca2+-insensitive ATPase* (see also Levitskii el a[., 1976) that prevented studies on protein phosphorylation. Further purification was therefore carried out by partially loading the vesicles with calcium oxalate followed by centrifugation in a sucrose density gradient. The preparation was diluted with 2ml of 120m~-ATP/10m~-~a~~/~OOm~-KC1/10m~-potassiu oxa~ate/20m~-Mg~~~/0.1~m~-CaC~,/~Orn~-Tris/~c~, pH7.2, at 2 0 T , and incubated for 30min at 37°C. This was layered on to a discontinuous sucrose/KCI density gradient (see Fig. 1 ) and centrifuged at 8OOOOg for 90min.
Caz+ uptake into sarcoplasmic-reticulum vesicles in the presence of oxalate was measured by filtration on Millipore membranes as described by Harigaya & Schwartz (1969) , with 4sCaC12 in the absence of EGTA. Fig. l(a) shows the distribution of 45Ca in the fractions obtained after sucrose-densitygradient centrifugation when the loading procedure was carried out with 4sCaCI,. It can be seen that most of the bound 4sCa, as assayed by membrane filtration, was in the pellet. Fig 1 (b) shows the distribution of protein after sucrose-density-gradient centrifugation, with and without preloading with calcium oxalate. Without preloading there was no pellet, and assay of the fractions for ability to accumulate CaZ+ showed that nost of this activity was present at the (i)/(ii) and (ii)/(iii) interfaces (see Fig. Ib) . After preloading, a pellet was found that retained considerable ability to accumulate CaZ+, and there was a decrease in this activity at the (i)/(ii) and (ii)/(iii) interfaces. The pellet had an ATPase activity of 0.1 pmol/min per mg of protein at 30°C, which was approximately Volume from bottom of tube (ml) Fig. 1 . Sucrosc.-dcnsitq'-gradietit ccmtrifiqation of rat heart sarcoplasmic-reticuliim cesicles after preloading with calcium oxalate Sarcoplasmic-reticulum vesicles were preloaded as described in the text, and 2ml was layered on a dis.continuous sucrose/KC! density gradient. The basic buffer for the gradient was 1 ~M -A T P /~ m~-MgC1,/6.5 M-potassium oxalate/5m~-NaN,/IOm~-Tris/Hc~, pH7.1, at 4"C, with the following additions: (i) 1.45~-sucroseand0.5 M-KCI; (ii) 1 . 1 5 8~-sucrose and O.~M-KCI; (iii) O.S6~-sucrose and O.~M-KCI; (iv) 0.72~-sucrose and 0.1 M-KCI. ( a ) The preloading was performed in the presence of 45CaCIz (sp. radioactivity 5Ci/mol), and after centrifugation the 4sCa content of 0 S m l fractions was assayed by Millipore-membrane filtration. ( h ) Protein was assayed in 0.5ml fractions. Symbols: m, vesicles were preloaded with calcium oxalate before centrifugation ; ,',, vesicles were centrifuged without preloading, by omission of CaCI, from the preloading buffer.
halved in the presence of EGTA. This should be compared to an ATPase activity of I-2pmol~min per mg of protein in the preparation before sucrose-density-gradient centrifugation, which was unaffected by EGTA. Fig. 2 shows the rate of Caz+ uptake into the pellet from the sucrose-density-gradient centrifugation. This rate is comparable with those reported for preparations from other species. When this preparation was incubated with protein kinase (prepared as described by Brostrom c't ul., 1970), cyclic A M P and MgATP there was a marked stimulation of CaZf uptake (Fig. 2) , both of the initial rate of uptake and of the final amount of CaZC accumulated. Incubation with cyclic AMPand MgATP alone did not cause a stimulation of Ca2+ uptake, suggesting a negligible endogenous protein kinase activity. When the incubation with protein kinase was carried out with [y -"P]ATP, 32P was incorporated into protein, reaching a value of 3.7nmol of 32P/mg of protein after 15min. This should 
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Ca2+ uptake was measured by incubation with 45CaC12, potassium oxalate and ATP a t 3 7 T , and subsequent separation of bound and free 45Ca by Millipore-membrane filtration (Harigaya & Schwartz, 1969). The vesicles from the sucrose-density-gradient centrifugation were preincubated for I5 min at 30°C in 2 0 m~-A T P / l o m~-N a N , / 200m~-KC1/10m~-potassiurn oxa~ate/20m~-MgC~,/5Om~-Tris, pH 7.0 (A), or in the same buffer with the addition of 1opM-CyCk A M P and 0.15mg of protein kinase/ml (m).
be compared with values obtained with preparations from dog heart of 1.3nmol/mg of protein (Schwartz er al., 1976). When the 32P-labelled protein was analysed by polyacrylamide-gel electrophoresis in the presence of sodium dodecyl sulphate, 32P was present in approximately equal quantities in proteins of apparent mol.wts. 17000 and 23000. There was no indication of significant incorporation into a protein of mol.wt. 10000, as found by Gibson & Newcomb (1975) .
The present studies indicate that a sarcoplasmic-reticulum preparation from rat heart can be prepared that shows a stimulation of Ca2+ uptake after incubation with cyclic AMP-dependent protein kinase, as has been shown for a number of other species. However, the contamination by ATPase has necessitated the development of more complex preparative procedures with rat heart. The coupled assay method of Lowry et a/. (1964) uses phosphoglucomutase to convert the product of the reaction into glucose 6-phosphate, which is a substrate for glucose 6-phosphate dehydrogenase. For this reason their assay is of limited use for studying the effects of glucose 6-phosphate on the phosphorylase reaction. This substance is known t o be a potent inhibitor at the concentration in which it occurs in resting muscle (Morgan & Parmeggiani, 1964 Kernohan (1977) , but these assays can only be performed in the presence of limited amounts of buffering substances such as ATP, another potent inhibitor. None of the assays mentioned can be used to measure phosphorylase activity in the presence of glucose 6-phosphate, ATP and other metabolites at the concentrations in which they occur in muscle.
We here present another assay for phosphorylase acting in the physiological direction.
We have used it t o study the effects of possible physiological regulators of phosphorylase h from rabbit muscle. Added metabolites d o not interfere with theassayovera wide range of concentrations. The assay is based on the fact that the product of phosphorylase action, glucose I-phosphate, is readily hydrolysed by mineral acid under conditions where glucose 6-phosphate and glycogen are not significantly affected. The glucose in the neutralized hydrolysate is determined by a glucose oxidase/peroxidase assay after treatment with N-ethylmaleimide to remove thiols such as 2-mercaptoethanol. Such thiols are necessary t o stabilize phosphorylase but interfere with the glucose assay by being oxidized by peroxidase in preference to dianisidine, the chromogenic substrate. The use of N-ethylmaleimide for this purpose has been described by Davies & Wayman (1973) . The success of the assay depends on the use of highly purified glucose oxidase. Some preparations that we have tried have proved unsuitable since they are apparently contaminated with enzymes that can convert glycogen into glucose. With grade I glucose oxidase from the Boehringer Corp., Lewes, Sussex, U.K., no significant direct hydrolysis of glycogen to glucose has been observed.
Glucose 6-phosphate, MgATP, A D P and AMP, as well as the substrates Pi and glycogen, have been shown to have significant effects on phosphorylase b activity at the concentrations in which they may occur in muscle. Any model that could account for the effects of all these substances, actingsingly or in combination, would be very complex.
Our attempts t o construct such a model have had little success, so we have chosen a more direct approach and are trying to determine the operating characteristics of phosphorylase under conditions that simulate those in muscle. To d o this we measure activity in the presence of all the substances mentioned above, all but one of them being held at the concentrations in which they occur in muscle. By varying theconcentration of the remaining substance we hope t o discover whether fluctuations in the concentration of this substance could have any significant regulatory effect.
